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(57) ABSTRACT

An apparatus and a method for controlling a transmission of
a vehicle are provided. The apparatus includes a determi-
nation device to determine whether to perform speed fol-
lowing control based on state information of a traflic light
positioned on a road 1n front of the vehicle 1 coasting, a stop
position predicting device to predict a stop position of the
vehicle based on position information of the vehicle and the
traflic light, a transmission stage decision device to deter-
mine a target position and a target speed based on the
predicted stop position and to form a speed profile for each
transmission stage to determine a final transmission stage
based on the target position and the target speed, and a
controller to perform speed following transmission control
based on the final transmission stage.
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APPARATUS AND METHOD FOR
CONTROLLING TRANSMISSION OF
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims prionity to and the benefit of
Korean Patent Application No. 10-2019-0077287, filed on

Jun. 27, 2019, which 1s incorporated herein by reference 1n
its entirety.

FIELD

The present disclosure relates to an apparatus and a
method for controlling transmission of a vehicle.

BACKGROUND

The statements 1n this section merely provide background
information related to the present disclosure and may not
constitute prior art.

An automatic transmission system of a vehicle determines
a transmission start time point based on a gear shifting
pattern of the vehicle and determines, as a transmission end
time point, a time point at which the hydraulic control of a
clutch 1s terminated.

In general, when the vehicle 1s decelerated from the high
speed to the low speed, the vehicle performs automatic gear
shifting from a higher transmission stage to a lower trans-
mission stage. This gear shifting schedule 1s determined by
a gear shifting determining map for a preset vehicle speed.
In this case, the gear shifting schedule may be set to satisty
an engine RPM (revolution per minute) capable of main-
taining a fuel cut-ofl state of the engine during braking and
decelerating in coasting, without pressing the accelerator
pedal.

However, we have discovered that when the engine
becomes 1n the fuel cut-off state, the vehicle becomes 1in an
engine back-driving state, that 1s, an engine brake state, so
the deceleration of the vehicle 1s increased. Accordingly, the
vehicle may be stopped at a position earlier than an expected
stop position. In this case, the driver has to press the
accelerator pedal to adjust the stop position of the vehicle.

As described above, in gear shifting based on a conven-
tional gear shifting schedule, fuel loss resulting from re-
acceleration of the vehicle more occurs rather than fuel-
saving by the fuel cut-off.

The above miformation disclosed i1n this Background
section 1s only for enhancement of understanding of the
background of the present disclosure, and therefore 1t may
contain information that does not form the prior art that 1s
already known to a person of ordinary skill in the art.

SUMMARY

The present disclosure relates to a vehicle control system
and 1ts method controlling a transmission of the vehicle for
saving fuel.

An aspect of the present disclosure provides an apparatus
and a method for controlling a transmission of a vehicle,
capable of estimating a stop position 1n advance depending
on the situation in front of the vehicle in deceleration,
forming the optimal speed profile for arriving at the pre-
dicted stop position, and performing the transmission con-
trol to follow the speed profile, thereby decelerating the
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vehicle to the predicted stop position in the most effective
fuel ethiciency without re-acceleration.

Another aspect of the present disclosure provides an
apparatus and a method for controlling a transmission of a
vehicle, capable of exactly predicting a position by predict-
ing a stop position of a vehicle, based on the state of a traflic

light 1n front of the vehicle, the position of the trathc light,
or the position of a preceding vehicle through vehicle to
infrastructure (V21) communication.

According to an aspect of the present disclosure, an
apparatus for controlling a transmission of a vehicle includes
a determination device to determine whether to perform
speed following control based on state information of a
traflic light positioned on a road in front of the vehicle in
coasting, a stop position predicting device to predict a stop
position of the vehicle based on position information of the
vehicle and the traflic light, a transmission stage decision
device to determine a target position and a target speed
based on the predicted stop position, and to form a speed
proflle for each transmission stage to determine a final
transmission stage based on the target position and the target
speed, and a controller to perform speed following trans-
mission control based on the final transmission stage.

The determination device determines whether to perform
speed following control or neutral driving control by con-
sidering a predicted time at which the vehicle arrives at the
stop position and a predicted time at which a state of the
traffic light 1s switched based on state information of a
present traflic light, state information of a next traflic light,
and a distance between the vehicle and the trathic light.

The determination device determines the speed following
control to be performed and the neutral driving control to be
selectively allowed when a present signal of the trathic light
1s 1n red and a predicted next signal of the traflic light 1s 1n
red.

The determination device determines the speed following
control to be performed and the neutral driving control to be
selectively allowed when a present signal of the trathic light
1s 1n red, a predicted next signal of the traflic light 1s in green,
and a predicted time 1n which the vehicle arrives at the stop
position 1s shorter than or equal to a predicted time 1n which
the trailic light 1s changed to be 1n green.

The determination device determines the speed following
control to be performed and the neutral driving control to be
selectively allowed when a present signal of the tratlic light
1s 1n green, a predicted next signal of the traflic light 1s in red,
and a predicted time 1n which the vehicle arrives at the stop
position 1s longer than a predicted time 1n which the trathic
light 1s changed to be 1n red.

The determination device determines the speed following
control not to be performed and the neutral driving control
to be prohibited when a present signal of the trathic light 1s
in red, a predicted next signal of the traflic light 1s in green,
and a predicted time 1n which the vehicle arrives at the stop
position 1s longer than a predicted time in which the tratlic
light 1s changed to be 1n green.

The determination device determines the speed following
control not to be performed and the neutral driving control
to be constantly performed when a present signal of the
traflic light 1s 1n green, a predicted next signal of the tratlic
light 1s 1n red, and a predicted time 1 which the vehicle
arrives at the stop position i1s shorter than or equal to a
predicted time 1n which the traflic light 1s changed to be 1n
red.

The determination device determines the speed following
control not to be performed and the neutral driving control
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to be constantly performed when a present signal of the
traflic light 1s 1n green and a predicted next signal of the
traflic light 1s 1n green.

The stop position predicting device determines the dis-
tance between the vehicle and the traflic light as a predicted
stop distance when there 1s no preceding vehicle between the
vehicle and the position of the trathic light, and determines
the predicted stop position based on the predicted stop
distance.

The stop position predicting device determines the dis-
tance between the vehicle and a preceding vehicle as a
predicted stop distance when there 1s the preceding vehicle
between the vehicle and the position of the trathic light, and
determines the predicted stop position based on the pre-
dicted stop distance.

The transmission stage decision device sets, as the target
position, a position obtained by subtracting an oflset dis-
tance from the predicted stop position.

The transmission stage decision device determines, the
final transmission stage, a transmission stage corresponding
to the target position and the target speed 1n the speed profile
for the each transmission stage.

The controller performs the neutral control from a present
position of the vehicle to a predicted gear shifting position
and performs gear shifting depending on the determined
final transmission stage when the vehicle arrives at the
predicted gear shifting position.

The vehicle includes an automatic transmission, a con-
tinuously variable transmission (CV'T), or a multi-stage
reducer.

According to another aspect of the present disclosure, a
method for controlling a transmission of a vehicle imncludes
determining whether to perform speed following control
based on state information of a traflic light positioned on a
road 1n front of the vehicle 1n coasting, predicting a stop
position of the vehicle based on position information of the
vehicle and the trafiic light, determining a target position and
a target speed based on the predicted stop position, forming
a speed profile for each transmission stage to determine a
final transmission stage based on the target position and the
target speed, and performing speed following transmission
control based on the final transmission stage.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-
poses of illustration only and are not intended to limit the
scope of the present disclosure.

e

DRAWINGS

In order that the disclosure may be well understood, there
will now be described various forms thereof, given by way
of example, reference being made to the accompanying
drawings, 1n which:

FIG. 1 1s a view 1illustrating a system employing an
apparatus for controlling the transmission of a vehicle
according to a form of the present disclosure;

FI1G. 2 1s a block diagram illustrating the configuration of
the apparatus for controlling the transmission of the vehicle
according to a form of the present disclosure;

FIG. 3 1s a view 1illustrating a speed profile according to
a form of the present disclosure;

FIGS. 4A and 4B are views illustrating the operations of
estimating a stop position of the apparatus for controlling the
transmission of the vehicle according to a form of the
present disclosure;
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FIG. § 1s a view 1illustrating the operation of determining,
the final transmission stage depending on the speed profile
according to a form of the present disclosure;

FIG. 6 1s a view 1illustrating the operation of controlling
the transmission according to a form of the present disclo-
sure;

FIGS. 7A and 7B are views illustrating the gear shifting
patterns according to a form of the present disclosure; and

FIG. 8 15 a flowchart illustrating a method for controlling
the transmission of the vehicle, according to a form of the
present disclosure.

The drawings described herein are for illustration pur-
poses only and are not mtended to limit the scope of the
present disclosure 1n any way.

DETAILED DESCRIPTION

The following description 1s merely exemplary in nature
and 1s not mtended to limit the present disclosure, applica-
tion, or uses. It should be understood that throughout the
drawings, corresponding reference numerals indicate like or
corresponding parts and features.

In describing the components of the form according to the
present disclosure, terms such as first, second, “A”, “B”, (a),
(b), and the like may be used. These terms are merely
intended to distinguish one component from another com-
ponent, and the terms do not limit the nature, sequence or
order of the constituent components. In addition, unless
otherwise defined, all terms used herein, including technical
or scientific terms, have the same meanings as those gen-
crally understood by those skilled in the art to which the
present disclosure pertains. Such terms as those defined 1n a
generally used dictionary are to be interpreted as having
meanings equal to the contextual meamings in the relevant
field of art, and are not to be nterpreted as having ideal or
excessively formal meanings unless clearly defined as hav-
ing such in the present application

FIG. 1 1s a view 1llustrating a system employing an
apparatus for controlling the transmission of a vehicle
according to a form of the present disclosure.

Reterring to FIG. 1, the apparatus 100 for controlling the
transmission of the vehicle may be implemented 1n a vehicle
10. In addition, the apparatus 100 for controlling the trans-
mission of the vehicle may be formed integrally with the
internal control units of the vehicle or may be implemented
separately from the imnternal control units of the vehicle to be
connected with the internal control units of the vehicle
through a separate connector.

In addition, according to a form of the present disclosure,
the apparatus 100 for controlling the transmission of the
vehicle 10 may be applied to a vehicle including an auto-
matic transmission, a vehicle including a continuously vari-
able transmission (CVT) and/or a vehicle including a
reducer (or a multi-stage reducer).

Reterring to FIG. 1, the apparatus 100 for controlling the
transmission of the vehicle may make vehicle to infrastruc-
ture (V2I) communication with a trathic light (or a traflic
light controller) positioned within a specific distance and
may receive state immformation of the traflic light (or the
traflic light controller) from the traflic light (or the trathic
light controller).

In this case, the state information of the traflic light may
include information, such as information on an On/Off state
of a present traflic light, information on an On/Ofl state of
a next trathic light, and information on a traflic light change
time.
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In addition, the apparatus 100 for controlling the trans-
mission of the vehicle may receive position information of
the vehicle and road information through the global posi-
tioming system (GPS) communicating with the satellite.

In this case, the road information may include the remain-
ing distance to a front traflic light and the curvature or the
gradient of the road 1n front of the vehicle.

The apparatus 100 for controlling the transmission of the
vehicle may include a separate global positioning system
(GPS) module and may receive a satellite signal through the
GPS module. Meanwhile, the apparatus 100 for controlling
the transmission of the vehicle may receive the satellite
signal through the navigation device provided in the vehicle.

Accordingly, the apparatus 100 for controlling the trans-
mission of the vehicle may predict a stop position of the
vehicle based on state information of the traflic light, the
position information of the vehicle, and the information on
the road in front of the vehicle, may configure the speed
profile based on the stop position, and may control the
transmission of the vehicle based on the speed profile.

Accordingly, the detailed components of the apparatus
100 for controlling the transmission of the vehicle will be
described with reference to FIG. 2.

FI1G. 2 1s a block diagram illustrating the configuration of
the apparatus 100 for controlling the transmission of the
vehicle, according to a form of the present disclosure.

Referring to FIG. 2, the apparatus 100 for controlling the
transmission of the vehicle may include a controller 110, an
interface 120, a sensor 130, a communicator 140, a storage
150, a determination device 160, a stop position predicting
device 170, and a transmission stage decision device 180.
According to a form of the present disclosure, the controller
110, the determination device 160, the stop position predict-
ing device 170, and the transmission stage decision device
180 1n the apparatus 100 for controlling the transmission of
the vehicle may be implemented with at least one processor.
In addition, the controller 110 may be implemented in the
form of including the determination device 160, the stop
position predicting device 170, and the transmission stage
decision device 180.

The controller 110 may process signals transmitted
between the components of the apparatus 100 for controlling
the transmission of the vehicle.

The interface 120 may include an 1nput device to receive
a control command from a user, and an output device to
output the operation state and the operation result of the
apparatus 100.

In this case, the mput device may include a key button,
and may include a mouse, a joystick, a jog shuttle, a stylus
pen, or the like. In addition, the input device may include a
soit key implemented on a display.

The output device may include the display and may
include a voice output device such as a speaker. In the case
that a touch sensor product, such as a touch film, a touch
sheet, a touch pad, or the like, 1s included in the display, the
display may operate as a touch screen, and the input device
and the output device may be implemented in the integral
form

In this case, the display may include at least one of a
liquid crystal display (LCD), a thin film transistor-liquid
crystal display (TFT LCD), an organic light-emitting diode
(OLED), a flexible display, a field emission display (FED),
and/or a three dimensional display (3D display)

The sensor 130 may include one or more sensors that
detect an obstacle, such as an advance vehicle, positioned
around the vehicle and measure a distance to the obstacle
and/or a relative speed with respect to the obstacle. For
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example, the sensor 130 may include a radar, an ultrasonic
sensor, a scanner, and/or a camera. In addition, various
sensors may be employed as long as the sensors may detect
the obstacles and measure the distances.

Meanwhile, the sensor 130 may further include sensors to
measure the speed of the vehicle.

The communicator 140 may include a communication
module which supports a communication interface with
clectronic parts and/or control units provided in a vehicle.
For example, the communication module may be connected
with a navigation provided 1n the vehicle through commu-
nication and may receive position information of a host
vehicle and/or the position information of the front trathic
light from the navigation.

In this case, the vehicle network communication technol-
ogy may include a controller area network (CAN) commu-
nication technology, a local interconnect network (LIN)
communication technology, and a FlexRay communication
technology.

In addition, the communicator 140 may include a com-
munication module to make V21 communication with the
tront trathic light (or a traflic light controller). In this case, the
communication module may make V2I communication
through a wireless Internet access or a short range commu-
nication technology.

The wireless Internet technology may include a wireless
LAN (WLAN), a wireless broadband (Wibro), a Wi-Fi,
World Interoperability for Microwave Access (Wimax). The
short-range communication technology may include Blu-
ctooth, ZigBee, ultra wideband (UWB), radio frequency
identification (RFID), or infrared data association (IrDA).

The storage 150 may store data and/or algorithms neces-
sary for the apparatus 100 for controlling the transmission of
the vehicle to operate.

For example, the storage 150 may store the position
information of the vehicle, the information on the road in
front of the vehicle, or the position information of the front
tratlic light, which 1s received through the navigation. In
addition, the storage 150 may store information on the state
of the front traflic light, which 1s received through the V2I
communication. In addition, the storage 150 may store
information on a front obstacle, for example, a preceding
vehicle, which 1s detected by the sensor 130.

In addition, the storage 150 may store a command and/or
algorithm to perform the transmission control by determin-
ing whether speed following control or driving control
(heremafiter, referred to as “neutral driving control”) on a
neutral gear 1s performed, predicting the stop position of the
vehicle, and forming the speed profile, based on the state
information and the position information of the front traflic
light and the information of the preceding vehicle.

In this case, the storage 150 may include a storage
medium, such as a random access memory (RAM), a static
random access memory (SRAM), a read only memory
(ROM), a programmable read-only memory (PROM), an
clectrically erasable programmable read-memory, or the
like.

The determination device 160 may determine whether to
perform a speed following control or a neutral driving
control, based on the state information of the trafhic light
positioned on a road in front of the vehicle.

The determination device 160 may determine whether to
perform the speed following control or the neutral driving
control by considering a predicted time at which the vehicle
arrives at the stop position and a predicted time at which the
state of the traflic light 1s switched based on the state
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information of a present traflic light, the state information of
a next traflic light, and the distance between the vehicle and
the trathic light.

For example, the determination device 160 may deter-
mine whether to perform the speed following control or the

neutral driving control based on a reference table illustrated
in FIG. 3.

The reference table illustrated in FIG. 3 has information
defined regarding whether the speed following control is
performed and whether the neutral driving control 1s allowed
or prohibited, based on the present signal of a trafhic light,
the predicted next signal when the vehicle arrives at the stop
position, or a signal changing condition.

As 1llustrated 1n FI1G. 3, the determination device 160 may
perform the speed following control (see reference number
311) and selectively allow the neutral driving control (see
reference number 315), based on the reference table when
the present signal of the traflic light 1s 1n red, and a predicted
next signal 1s 1n red.

Alternatively, the determination device 160 may perform
the speed following control (see reference number 311) and
selectively allow the neutral driving control (see reference
number 315), based on the reference table, when the present
signal of the traflic light 1s 1n red, the predicted next signal
1s 1n green, and the traflic light 1s predicted to be changed to
be 1n green at the predicted time for the vehicle to arrive at
the stop position, or thereafter, for example, when the
predicted time TSTOP for the vehicle to arrive at the stop
position 1s equal to or shorter than the predicted time
TGREEN ior the tratlic light to be changed to be in green.

Meanwhile, the determination device 160 may determine,
based on the reference table, that the speed following control
1s not performed and the neutral driving control 1s prohib-
ited, when the present signal of the traflic light 1s 1n red,
when the predicted next signal 1s in green, and when the
color of the traflic light 1s predicted to be changed to be 1n
green before the predicted time for the vehicle to arrive at
the stop position, for example, when the predicted time
TSTOP for the vehicle to arrive at the stop position 1s longer
than the predicted time TGREEN for the color of the traflic
light to be changed to be 1n green.

Alternatively, the determination device 160 may perform
the speed following control (see reference number 321) and
selectively allow the neutral driving control (see reference
number 325), based on the reference table, when the present
signal of the traflic light is 1n green, when the predicted next
signal 1s 1n red, and when the traflic light 1s predicted to be
changed to be in red before the predicted time for the vehicle
to arrive at the stop position, for example, when the pre-
dicted time TSTOP for the vehicle to arrive at the stop
position 1s equal to or longer than the predicted time TRED
tor the traflic light to be changed to be 1n red.

Alternatively, the determination device 160 may NOT
perform the speed following control (see reference number
311) and constantly allow the neutral driving control (see
reference number 315), based on the reference table, when
the present signal of the trathc light 1s 1n green, when the
predicted next signal 1s 1n red, and when the traflic light 1s
predicted to be changed to be 1n red after the predicted time
for the vehicle to arrive at the stop position, for example,
when the predicted time TSTOP for the vehicle to arrive at
the stop position 1s equal to or shorter than the predicted time
TRED for the tratlic light to be changed to be 1n red.

In addition, the determination device 160 may not per-
form the speed following control and constantly allow the
neutral driving control based on the reference table, when
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the present signal of the traflic light 1s 1n green and when the
predicted next signal 1s 1n green.

The stop position predicting device 170 predicts the stop
position of the vehicle.

In FIG. 4A, according to a form of the present disclosure,
the stop position predicting device 170 predicts the stop
position of the vehicle when approaching the position of a
traflic light, based on position information of the vehicle and
the traflic light, that 1s, the distance information between the
vehicle and the traflic light.

Referring to FIG. 4A, when there 1s absent a preceding
vehicle between the vehicle 10 and the front traflic light 20,
the stop position predicting device 170 determines the
distance between the vehicle 10 and the trathic light 20 as a
predicted stop distance Ds and determines the predicted stop
position based on the predicted stop distance Ds. In this case,
the predicted stop position may be a position of the trathic
light or a position around the position of the traflic light.

In FIG. 4B, according to a form of the present disclosure,
the stop position predicting device 170 may predict the stop
position when approaching the position of the traflic light,
based on the distance information between the vehicle and
the trathic light, whether there 1s absent the preceding
vehicle, and the distance information between the vehicle
and the preceding vehicle.

Referring to FIG. 4B, the stop position predicting device
170 determines the distance between the vehicle 10 and a
preceding vehicle 40 as a predicted stop distance Ds* and
determines a predicted stop position based on the predicted
stop distance Ds*, when there 1s present the preceding
vehicle 40 until the vehicle 10 arrives at the position of the
tront traflic light 20. In this case, the predicted stop position
may be a position of a rear end of the preceding vehicle 40
closest to the vehicle or a position close to the position of the
rear end of the preceding vehicle 40.

The transmission stage decision device 180 sets a target
distance DT and a target speed VT based on a predicted stop
position when the predicted stop position 1s determined by
the stop position predicting device 170. In this case, the
target distance DT may be set to a value obtained by
subtracting an oflset distance Doflset from the predicted stop
distance DS.

In other words, when the predicted stop position 1s the
position of the traflic light, the transmission stage decision
device 180 may set the target distance DT to a value
obtained by subtracting the oflset distance from the distance
between the vehicle and the traflic light.

Meanwhile, when the predicted stop position 1s the posi-
tion of the preceding vehicle, the transmission stage decision
device 180 may set, as the target distance DT, a value
obtained by subtracting the oflset distance from the distance
between the vehicle and the preceding vehicle.

In this case, the transmission stage decision device 180
may form a speed profile for each transmission stage based
on the set target position and the target speed, and may
determine, as the final transmission stage, a transmission
stage corresponding to the target speed at the target position.

The form relevant thereto will be described with reference
to FIG. 5.

Referring to FIG. 5, the transmission stage decision
device 180 determines a transmission stage corresponding to
a target speed VT at a target position based on a speed profile
for each transmission stage. In FI1G. 5, since the target speed
1s between the seventh stage and eighth stage, the transmis-
sion stage decision device 180 may determine the {final
transmission stage to the seventh stage.
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In this case, the controller 110 may control the transmis-
s10on such that the speed profile 1s followed based on the final
transmission stage determined by the transmission stage
decision device 180. Accordingly, the vehicle may be
stopped at the predicted stop position without performing
acceleration again.

In this case, the controller 110 may control the transmis-
s1on such that the speed profile 1s followed based on the final
transmission stage determined by the transmission stage
decision device 180.

The operation of controlling the transmission of the
vehicle according to a form will be described with reference
to FIG. 6.

Referring to FIG. 6, reference numeral 611 represents the
speed change graph to the target position i driving at
seventh stage based on the present vehicle speed at the
present position. In addition, reference numeral 621 repre-
sents the speed change graph 1n driving based on the speed
variation pattern according to the present disclosure.

As 1n the graph represented by reference numeral 621, the
controller 110 performs neutral control to the predicted gear
shifting position from the present position of the vehicle 10.
When the vehicle 10 arrives at the predicted gear shifting
position, the controller 110 controls gear shifting from the
Nth stage to the seventh stage. In this case, the predicted
gear shifting position may be determined to a deceleration
start position i which the predicted speed at the target
position 1s the target speed when deceleration 1s started
based on the speed profile corresponding to the seventh
stage.

Accordingly, the controller 110 performs the deceleration
controlling such that the speed V¢ of the vehicle 10 reaches
the target speed at the target position while maintaining the
seventh stage from the predicted gear shifting position to the
target position. Accordingly, the vehicle 10 may be stopped
at the predicted stop position without the excessive re-
acceleration.

According to a form of the present disclosure, the appa-
ratus 100 for controlling the transmission of the vehicle
having the above operation may be implemented in the form
ol an independent hardware device including a memory and
a processor to process each operation, and may be run in the
form 1ncluded 1n another hardware device such as a micro-
processor or a general purpose computer system.

FIG. 7A 1s a graph illustrating a stop pattern based on
typical transmission control in coasting.

As 1llustrated in FIG. 7A, depending on the stop pattern
based on the typical transmission control 1n coasting, as the
deceleration 1s increased 1n the engine brake state, a driver
presses an acceleration pedal again to perform acceleration
again such that the vehicle 1s stopped at the target position.
Accordingly, the fuel loss may occur due to the re-accel-
eration operation.

Meanwhile, FIG. 7B 1illustrates the comparison of the stop
pattern based on the speed following control according to
the present disclosure.

As 1llustrated 1n FIG. 7B, depending on the stop pattern
based on the speed following control in coasting, the fuel 1s
cut ofl after the neutral driving to perform the engine brake
gear shifting. Therefore, as the vehicle 1s stopped at the
target position without performing acceleration again, the
tuel efliciency may be improved.

The flowchart of the operation of the apparatus 100
according to a form of the present disclosure will be
described below.
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FIG. 8 1s a flowchart illustrating a method for controlling
the transmission of the vehicle, according to a form of the
present disclosure.

Reterring to FIG. 8, the apparatus 100 for controlling the
transmission of the vehicle may determine whether there 1s
a traflic light within a reference range from the vehicle
(5120) when coasting becomes 1 an ON state as a brake
becomes 1 an OFF state in the APS (Accelerator Position
Sensor) OFF state (S110). The APS OFF state means that the
accelerator pedal 1s not pressed. In this case, the apparatus
100 for controlling the transmission of the vehicle deter-
mines the final transmission stage based on an existing
pattern when there 1s no traflic light within the reference
range from the vehicle (S195) and performs gear shifting
controlling (S200). In this case, the neutral driving for the
vehicle may be allowed.

Meanwhile, the apparatus 100 for controlling the trans-
mission of the vehicle collects the state information of the
tratlic light from the trafhc light (or a traflic light controller)
through the V21 communication, when there i1s the trathic
light within the reference range from the vehicle (S130).

In this case, the apparatus 100 for controlling the trans-
mission of the vehicle determines the state of a present trathic
light and the state of a next tratlic light, based on the state
information of the tratfic light collected 1n step S130.

In addition, the apparatus 100 for controlling the trans-
mission ol the vehicle determines the final transmission
stage based on the existing pattern (S195) and performs
transmission control (S200), when the state of the present
tratlic light 1s not red (S140) and the state of the next trathic
light 1s not red (S141).

In addition, the apparatus 100 for controlling the trans-
mission of the vehicle determines the final transmission
stage based on the existing pattern (S195) and performs
transmission control (S200), when the state of the present
traflic light 1s not 1n red (5140), when the state of the next
traflic light 1s 1 red (S141), when the predicted stop time
TSTOP of the vehicle 1s equal to or shorter than the
predicted time TRED 1n which the trathic light 1s changed to
be 1n red (S143).

Meanwhile, the apparatus 100 for controlling the trans-
mission of the vehicle performs the procedure after step
S160 when the predicted stop time TSTOP of the vehicle 1s
longer than the predicted time TRED 1n which the traflic
light 1s changed to be 1n red 1n step 143.

In addition, the apparatus 100 for controlling the trans-
mission of the vehicle performs the procedure after step
S160 even when the state of the present trathic light 1s 1n red
(5140) and even when the state of the next tratlic light 1s 1n
red.

In addition, the apparatus 100 for controlling the trans-
mission of the vehicle performs the procedure after step
S160 when the state of the present traflic light 1s 1n red
(5S140), when the state of the next traflic light 1s not in red
(S150), and when the predicted stop time TSTOP of the
vehicle 1s equal to or shorter than the predicted time
TGREEN 1n which the trailic light 1s changed to be 1n green
(S151).

The apparatus 100 for controlling the transmission of the
vehicle determines whether there 1s the preceding vehicle in
a section (or a space) between the vehicle and the trathic light
in S160 and determines the preceding vehicle as being
absent (S160) and sets, as the target distance DT, a value
obtained by subtracting the oflset distance DOFFSET from
the predicted stop distance DS based on the position of the
tratlic light (5170). The apparatus 100 for controlling the
transmission of the vehicle determines whether there 1s the




US 10,935,128 B2

11

preceding vehicle 1n a section (or a space) between the
vehicle and the traflic light 1n S160, determines the preced-
ing vehicle as being present (S160) and sets, as the target
distance DT, a value obtained by subtracting the oflset
distance DOFFSET from the predicted stop distance Ds*
based on the position of the preceding vehicle (S175).

When the target distance DT 1s set in S170 or S175, the
apparatus 100 for controlling the transmission of the vehicle
calculates the speed profile 1n each transmission stage
(S180) and determines the final transmission stage corre-
sponding to the target speed at the target position based on
the speed profile calculated 1n step S180.

Accordingly, the apparatus 100 for controlling the trans-
mission of the vehicle performs the transmission control of
the vehicle based on the speed profile with respect to the
final transmission stage determined 1n step S190.

The apparatus 100 for controlling the transmission of the
vehicle determines the final transmission stage based on the
existing pattern (S155) and performs transmission control
(S200) when the state of the present traflic light 1s 1n red
(S140), when the state of the next tratlic light 1s not 1n red
(S150), and when the predicted stop time TSTOP of the
vehicle 1s longer than the predicted time TGREEN 1n which
the traflic light 1s changed to be 1n green (S151). In this case,
the neutral driving for the vehicle may be blocked.

As described above, according to the present disclosure,
a stop position may be predicted in advance depending on
the situation 1n front of the wvehicle in deceleration, the
optimal speed profile for arriving at the predicted stop
position may be formed, and the gear shifting controlling to
follow the speed profile may be performed, thereby decel-
erating the vehicle to the predicted stop position 1n the most
cllective fuel efliciency without re-acceleration of the
vehicle.

According to the present disclosure, a position may be
exactly predicted by predicting a stop position of a vehicle,
based on the state of a traflic light in front of the vehicle, the
position of the traflic light, or the position of a preceding
vehicle through V21 communication.

While this present disclosure has been described 1n con-
nection with what 1s presently considered to be practical
exemplary forms, 1t 1s to be understood that the present
disclosure 1s not limited to the disclosed forms, but, on the
contrary, it 1s intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the present disclosure.

What 1s claimed 1s:

1. An apparatus for controlling a transmission of a
vehicle, the apparatus comprising:

a determination device configured to determine whether
to perform speed following control based on state
information of a tratlic light positioned on a road 1n
front of the vehicle 1n coasting;

a stop position predicting device configured to predict a
stop position of the vehicle based on position informa-
tion of the vehicle and the traflic light;

a transmission stage decision device configured to deter-
mine a target position and a target speed based on the
predicted stop position, and to form a speed profile for
cach transmission stage to determine a final transmis-
sion stage based on the target position and the target
speed; and

a controller configured to perform speed following trans-
mission control based on the final transmission stage.

2. The apparatus of claim 1, wherein the determination
device determines whether to perform speed following con-
trol or neutral driving control by considering a predicted
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time at which the vehicle arrives at the stop position and a
predicted time at which a state of the traflic light 1s switched
based on state information of a present trailic light, state
information of a next trailic light, and a distance between the
vehicle and the trathc light.

3. The apparatus of claim 2, wherein the determination
device determines the speed following control to be per-
formed and the neutral driving control to be selectively
allowed when a present signal of the traflic light 1s 1n red and
a predicted next signal of the tratlic light 1s 1n red.

4. The apparatus of claim 2, wherein the determination
device determines the speed following control to be per-
formed and the neutral driving control to be selectively
allowed when a present signal of the trathic light 1s 1n red, a
predicted next signal of the traflic light 1s 1n green, and a
predicted time in which the vehicle arrives at the stop
position 1s shorter than or equal to a predicted time 1n which
the trathc light 1s changed to be 1n green.

5. The apparatus of claim 2, wherein the determination
device determines the speed following control to be per-
formed and the neutral driving control to be selectively
allowed when a present signal of the traflic light 1s 1n green,
a predicted next signal of the trathic light 1s 1n red, and a
predicted time i which the vehicle arrives at the stop
position 1s longer than a predicted time in which the traflic
light 1s changed to be 1n red.

6. The apparatus of claim 2, wherein the determination
device determines the speed following control not to be
performed and the neutral driving control to be prohibited
when a present signal of the traflic light 1s 1 red, a predicted
next signal of the traflic light 1s 1n green, and a predicted
time 1 which the vehicle arrives at the stop position 1s
longer than a predicted time 1in which the traflic light 1s
changed to be 1n green.

7. The apparatus of claim 2, wherein the determination
device determines the speed following control not to be
performed and the neutral driving control to be constantly
performed when a present signal of the trathic light 1s 1n
green, a predicted next signal of the traflic light 1s 1n red, and
a predicted time 1n which the vehicle arrives at the stop
position 1s shorter than or equal to a predicted time 1n which
the trailic light 1s changed to be 1n red.

8. The apparatus of claim 2, wherein the determination
device determines the speed following control not to be
performed and the neutral driving control to be constantly
performed when a present signal of the trathic light 1s in
green and a predicted next signal of the traflic light 1s 1n
green.

9. The apparatus of claim 1, wherein the stop position
predicting device determines a distance between the vehicle
and the trathic light as a predicted stop distance when there
1s no preceding vehicle between the vehicle and the position
of the traflic light, and determines the predicted stop position
based on the predicted stop distance.

10. The apparatus of claim 1, wherein the stop position
predicting device determines a distance between the vehicle
and a preceding vehicle as a predicted stop distance when
there 1s a preceding vehicle between the vehicle and the
position of the tratlic light, and determines the predicted stop
position based on the predicted stop distance.

11. The apparatus of claim 1, wherein the transmission
stage decision device sets, as the target position, a position
obtained by subtracting an offset distance from the predicted
stop position.

12. The apparatus of claim 1, wherein the transmission
stage decision device determines, the final transmission
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stage, a transmission stage corresponding to the target
position and the target speed 1n the speed profile for the each
transmission stage.
13. The apparatus of claim 1, wherein the controller 1s
configured to:
perform neutral control from a present position of the
vehicle to a predicted gear shifting position; and per-
form gear shifting depending on the determined final
transmission stage when the vehicle arrives at the
predicted gear shifting position.
14. The apparatus of claim 1, wherein the vehicle includes
an automatic transmission, a continuously variable trans-
mission (CV'T), or a multi-stage reducer.
15. A method for controlling a transmission of a vehicle,
the method comprising the steps of:
determining whether to perform speed following control
based on state information of a traffic light positioned
on a road 1n front of the vehicle in coasting;

predicting a stop position of the vehicle based on position
information of the vehicle and the trathic light;

determining a target position and a target speed based on
the predicted stop position, and forming a speed profile
for each transmission stage to determine a final trans-
mission stage based on the target position and the target
speed; and

performing speed following transmission control based

on the final transmission stage.

16. The method of claim 15, wherein the step of deter-
miming ol whether to perform speed following control
includes the step of:

determining whether to perform the speed following

control or neutral driving control by considering a
predicted time at which the vehicle arrives at the stop
position and a predicted time at which a state of the
tratlic light 1s switched based on state information of a
present trathc light, state information of a next tratlic
light, and a distance between the vehicle and the traflic
light.

17. The method of claim 16, wherein the step of deter-
mimng of whether to perform the speed following control
includes the step of:

determining the speed following control to be performed

and the neutral driving control to be selectively allowed
when a present signal of the trathic light 1s 1n red and a
predicted next signal of the traflic light 1s 1n red.

18. The method of claim 16, wherein the step of deter-
mimng of whether to perform the speed following control
includes the step of:

determining the speed following control to be performed

and the neutral driving control to be selectively allowed
when a present signal of the trathic light 1s 1 red, a
predicted next signal of the trathic light 1s 1n green, and
a predicted time 1n which the vehicle arrives at the stop
position 1s shorter than or equal to a predicted time 1n
which the tratfic light 1s changed to be 1n green.

19. The method of claam 16, wherein the step of deter-
mimng ol whether to perform the speed following control
includes the step of:

determining the speed following control to be performed

and the neutral driving control to be selective allowed
when a present signal of the traflic light 1s 1n green, a
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predicted next signal of the traflic light 1s 1n red, and a
predicted time 1n which the vehicle arrives at the stop
position 1s longer than a predicted time 1 which the
traflic light 1s changed to be 1n red.

20. The method of claim 16, wherein the step of deter-
mining of whether to perform the speed following control
includes the step of:

determiming the speed following control no to be per-

formed and the neutral driving control to be prohibited
when a present signal of the trathic light 1s 1 red, a
predicted next signal of the trathic light 1s 1n green, and
a predicted time 1n which the vehicle arrives at the stop
position 1s longer than a predicted time 1n which the
traflic light 1s changed to be 1n green.

21. The method of claim 16, wherein the step of deter-
mining of whether to pertorm the speed following control
includes the step of:

determiming the speed following control not to be per-

formed and the neutral driving control to be constantly
performed when a present signal of the traflic light 1s 1n
green, a predicted next signal of the traflic light 1s 1n
red, and a predicted time in which the vehicle arrives at
the stop position 1s shorter than or equal to a predicted
time 1n which the traflic light 1s changed to be in red.

22. The method of claim 16, wherein the step of deter-
mining of whether to perform the speed following control
includes the step of:

determiming the speed following control not to be per-

formed and the neutral driving control to be constantly
performed when a present signal of the traflic light 1s 1n
green and a predicted next signal of the trathic light 1s
1n green.

23. The method of claim 15, wherein the step of predict-
ing of the stop position includes the steps of:

determining a distance between the vehicle and the traflic

light as a predicted stop distance, when there 1s no
preceding vehicle between the vehicle and the position
of the trathic light; and

determining the predicted stop position based on the

predicted stop distance.

24. The method of claim 15, wherein the step of predict-
ing of the stop position includes the steps of:

determiming a distance between the vehicle and the traflic

light as a predicted stop distance, when there 1s a
preceding vehicle between the vehicle and the position
of the traflic light; and

determining the predicted stop position based on the

predicted stop distance.

25. The method of claim 15, wherein the step of deter-
mining of the final transmission stage 1includes the step of:

setting, as the target position, a position obtained by

subtracting an oflset distance from the predicted stop
position.

26. The method of claim 15, wherein the step of deter-
mining of the final transmission stage includes the step of:

determiming, a final transmission stage, a transmission

stage corresponding to the target position and the target
speed 1n the speed profile for the each transmission
stage.
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